Introduction
Binders are pharmaceutical excipients that are commonly employed in tablet formulation to impact cohesion on powder mix and hence improve on the flow properties of the granules [1] . Binders act by causing aggregation of powders thereby forming granules through the process of granulation. They modify the cohesive properties of the granules by promoting the formation of strong cohesive bonds between such particles [2] . A majority of the investigations on natural excipients in drug delivery systems have centered on proteins and polysaccharides, due to their ability to produce a wide range of materials and properties according to molecular structural alterations [3] Mucilages are very often used in various industries. Vast application of plant mucilages and gums in various industries is because of low cost, ready availability and important properties which they confer on products [4] . In recent years, plant gums and mucilages have evoked tremendous interest due to their diverse pharmaceutical applications such as diluents, binders, disintegrants in tablets, thickeners in oral liquids, protective colloids in suspensions, gelling agents in gels and bases in suppository [5] , thus making them attractive substitutes for costly semi synthetic and synthetic excipients. India, due to its geographical and environmental positioning, has traditionally been a good source for such products among the Asian countries. [6] There are reports about the successful use of Ocimum gratissimum, Butea monospermama, Albizia zygia gum and Leucaena leucocephala seed gum as suspending agents [7] [8] [9] [10] .
Two plants are prominently used, and have been chosen for this investigation; these are the leaves of Hibiscus rosasinensis Linn and fruits of Okra (Abelmoschus esculentus Linn) which are belonging to the family Malvaceae. Hibiscus is widely grown as an ornamental plant throughout the tropics and subtropics. The plant is available in India in large quantities [11] . Its 250 species are widely distributed in tropical and subtropical regions of the world and Objective: To isolate and evaluate comparatively the binding efficacy of the mucilages obtained from the plants of Hibiscus rosasinensis and Okra (Abelmoschus esculentus). Methods: Extraction of mucilages from the leaves of Hibiscus and pods of Okra (Ladies finger) was carried out by a cold maceration process. The extracted mucilages were subjected to various physicochemical properties for its suitability as an excipient in the formulation of tablet dosage form. Different concentrations (10, 8, 5, 2 and 1% w/v) of binder solutions of Hibiscus and Okra were used for the formulation of tablets and the formulated tablets were evaluated by studying the standard parameters like diameter, thickness, weight variation, hardness, friability, disintegration and in vitro dissolution. Stability studies of the formulated tablets were conducted for four weeks. Results: The formulated tablets prepared using the mucilages of both Hibiscus and Okra had good appearance. The in vitro drug release profile of the tablets prepared using Okra mucilage had an optimum of 90% at a mucilage concentration of 1% w/v concentration mucilage itself within 4 h. Conclusions: According to the observations, the lower concentration levels of Okra can be used as an alternative binder to starch. The higher concentration levels of Okra mucilage show a slow and sustained release, and can be considered as an alternative natural excipient in the modified drug delivery systems. At the same time, the above natural excipient of Hibiscus mucilage could be used as a platform for prolonged release if its binder concentrations are increased.
are reported to possess various medicinal properties viz antitumor, antihypertensive, antioxidant etc [12] . About 40 species are found in India. Hibiscus rosasinensis Linn is a native of China and is a potent medicinal plant. It is a common Indian garden perennial shrub and often planted as a hedge or fence plant. Traditionally this drug is attributed to antifertility activity in Ayurvedic literature. Leaves and flowers also possess hypoglycemic activity. The mucilage of the leaf has antiinflammatory activity [13, 14] . The extracts of Hibiscus rosasinensis have also shown a protective effect against the tumor promotion stage of cancer development [15] . The anthocynidin from the petals of the plant have protective effect against carbon tetra chloride-induced acute liver damages [16] .
Gum of the Okra pods has been reported to have binder potential for tablet formulations [17] . The fresh fruit of Okra is a common component of Indian diet. In addition, the plant has been used medicinally in treatment of several disorders [18, 19] . Anti-cancer, anti-microbial and hypoglycemic activities of plant had been reported [20, 21] . The anti-ulcer activity of fresh fruits is recently reported [22] . This is a coarse, erect, branched, more or less hairy, annual herb with 0.6 to 1.5 meters in height, grown widely in India. Okra mucilage binds cholesterol and bile acid carrying toxins dumped into it by filtering liver [23 ] , thus might act as a hepatoprotective agent. Additionally, it apparently has antioxidant activity, which may also be beneficial in this liver pathology. It was reported that aqueous-ethanol extract of Okra has antioxidant property. It has shown free radical scavenging activity (FRSA) in an in vitro study which reported major antioxidants in lady's finger are due to quercetin compounds [23] .
In the present study an effort was made to extract the mucilage from the leaves of Hibiscus rosa-sinensis Linn and pods of Okra and look at the possibility of using these mucilages as the binding or granulating agents and releasing retardant material in the formulation of solid dosage forms.
Materials snd methods
The leaves of Hibiscus rosasinensis Linn were collected from the local area and Okra fruits were purchased from a local market. Both the plants were authenticated at the Department of Botany of Calicut University in Calicut, India. Paracetamol was obtained as gift sample from Modern Pharmaceutical (Kerala, India). Lactose IP, Starch, Purified talc and Magnesium stearate were procured from SD Fine Chemicals Ltd. All other reagents used were analytical grade.
Isolation of the mucilages
The fresh leaves of Hibiscus rosasinensis Linn were collected, washed with water to remove dirt and debris and then dried. The powdered leaves were soaked in water for [5] [6] h, boiled for 30 min and kept aside for 1 h for complete release of the mucilage in to the water. The material was squeezed from an eight fold muslin cloth bag to remove the marc from the solution. Acetone was added to the filtrate to precipitate the mucilage in a quantity of three times the volume of the total filtrate. The mucilage was separated, dried in an oven at a temperature < 50 曟 , collected, dried, powdered and passed through a sieve no: 80 and stored for further use in the desiccators.
About 1 kg of fresh immature fruits of Okra was purchased from local market. After removal of the seeds, the fresh immature fruits were sliced, homogenized and extracted with cold water containing 1% w/v of sodium metabisulphate. The crude mucilage was centrifuged at 3 000 rpm for 5 min. The gum was precipitated from the supernatant with acetone. The precipitated gum was washed several times with acetone. The obtained cream colored product was dried under vacuum in desiccators. A light brown colored powder was obtained after complete removal of moisture. The dried gum was pulverized using end runner mill and screened with a 0.25 mm stainless steel sieve. This was stored in a well closed amber colored specimen bottle till ready for use.
Phytochemical examination and physicochemical characterization of mucilages
The mucilage solutions were tested for the presence of carbohydrates by performing the preliminary standard tests, Molisch's test and Ruthenium red test respectively. Driedpowdered mucilages were observed for solubility, pH, weight loss on drying, swelling index, density and viscosity.
Drug excipient compatibility study
A potassium bromide disc of each of the dried purified mucilages was prepared, and the FTIR spectra recorded (Shimadzu FTIR 8400S, USA). Triplicate measurements were made and the spectrum with the clearest identifiable peaks was chosen.
Preparation of tablets
Lactose and starch powder were passed through sieve No: 40. Paracetamol IP was homogeneously dry-mixed with lactose and starch powder. The granules prepared by wet granulation method used Hibiscus and Okra binders in concentrations of 10%, 8%, 5%, 2% and 1% (w/v). The moistened coherent mass was passed through sieve No: 16 and granules were dried at 50 曟 for 30 min. The dried granules were re-sieved through sieve No: 20 . Magnesium stearate and talc were mixed with prepared granules. This uniformly mixed blend was compressed into 450 mg tablets using flat face round tooling on a Rimek-10 STN rotary tablet machine. The tablets were stored in tightly closed glass container and evaluated for following parameters.
Evaluation of prepared tablets
Compressed tablets were then evaluated for shape, diameter and thickness, weight variation, disintegration, hardness, friability study. Diameter and thickness were measured by Vernier Caliper. For disintegration test, one tablet was placed in each tube of disintegration apparatus (Electrolab ED-2L, USP) and the test was carried out using distilled water as a disintegrating media. Hardness was measured by Monsanto type hardness tester. Friability was determined in friabilator (Electrolab EF-2, USP).
In vitro dissolution study
In vitro dissolution studies of prepared tablets were performed using USP apparatus type II (Electrolab TDT-08L) at 50 rpm in pH 7.8 phosphate buffer (900 mL) medium at (37 依 0.5) 曟 . At predetermined intervals (1, 2, 3 and 4 hours) 5 mL of samples were withdrawn and filtered through Whatmann filter paper No.41. From this filtrate 1 mL was withdrawn in to 10 mL volumetric flask and the volume was made up to the mark. After removal of each sample, 5 mL of fresh dissolution medium was added to the vessel to maintain the constant volume. The samples were then analyzed at 249 nm using a Shimadzu-UV 1700 spectrometer (Shimadzu, Japan). The data presented here is for triplicate determinations (n=3). Concentration of drug in each sample was determined from the standard graph and percentage drug dissolved was calculated.
Stability studies
The stability of the formulated tablets of the mucilages was tested according to International Conference on Harmonization guidelines. It was carried out, on the storage of formulated mucilage tablets at room temperature, 40 曟 and 5 曟 for 4 weeks. Tablets were withdrawn at the end of 4 weeks and evaluated for change in hardness, disintegration and in vitro drug release.
Results

Physicochemical properties
The presence of carbohydrate and mucilage was substantiated for both Hibiscus and Okra, with the positive result upon the treatment with Molisch's Test (formation of purple color) and Ruthenium red test (formation of pink color on powdered particles), respectively.
The physical and chemical properties of both the plants have been examined by the study of their extracted mucilages. Both the extracted mucilages are slightly soluble in water and a dispersion of it yielded a brown, slimy solution and it was practically insoluble in ethanol, acetone and chloroform. A 1% w/v suspension of Hibiscus mucilage in water gave a pH of 6.5 and that of Okra gave 6.1; both of the mucilages were near neutral pH, which implied that when used in uncoated tablets, it may be less irritating to GIT. The weight loss on drying indicates the amount of moisture present in the material available to interact with other material. For the dried mucilages of Hibiscus and Okra, the weight loss on drying was 9.8% and 6.8%, respectively. The swelling index of ratio determined was 40 for Hibiscus and 30 for Okra. The density and viscosity was found to be 1.55 mg/cm 3 and 5.5 mPa for Hibiscus and 1.57 mg/cm 3 and 4.08 mPa for Okra, respectively.
Drug excipient compatibility study
The spectra showed that the high intense peak at 3325 
Formulation and evaluation of tablets
Tablets using both Hibiscus and Okra were prepared by wet granulation method. The formula is shown in Table 1 . The physical tests for all the formulated tablets were shown in Table 2 . All the batches of tablets exhibited the diameter and thickness, uniformity in weight, hardness and friability values were within the pharmacopoeial limits. The mucilage had given increase in disintegration time with increase in its concentration.
In vitro release study
The in vitro dissolution profile of different concentrations of Hibiscus and Okra is shown in Figure 1 & 2. It was found that the rate of drug release from the tablets prepared using Okra mucilage at 1% w/v concentration was more than 90% in 4 h. The mucilage had given a decreased release rate with increase in concentration. That is at 10% w/v concentration the drug release was 65%. At the same time the cumulative drug release of the tablets using Hibiscus mucilage was 75% at 1% w/v concentration and was found to be 21% at 10% w/v concentration. The drug release profile of both the mucilages is shown in Table 3 . 
Stability studies
In order to determine any changes on storage, stability of the formulated tablets was carried out at room temperature, 40 曟 and 50 曟 for 4 weeks. Tablets were withdrawn at the end of 4th week and evaluated for changes in hardness, disintegration and in vitro drug release. An appreciable change in the hardness, friability and in vitro drug release from the formulated tablets was not observed after the stability study.
Discussion
The mucilages obtained from both Hibiscus and Okra after drying were found to be amorphous free flowing powder. Total yield of Hibiscus and Okra was 8.3% w/w and 11.2% w/ w, respectively. Both the mucilages exhibited good solubility in water and gave viscous solution on standing, and insoluble in other organic solvents. All other physicochemical properties of the mucilages indicated that both of them can be used as good excipients in formulation of tablets. The drug-excipient compatibility study indicated there is no significant interactions. Standard tests of the tablets showed that all the formulations of both mucilages were within the acceptable limits for diameter, thickness, weight variation, hardness and friability. The disintegration time of the mucilages was found to be increasing on increasing the concentration of the mucilages. The pattern of drug release from the prepared tablets of H1 and O1 formulations, which is having higher (10% w/v) concentrations of mucilage, shows a sustained release pattern. O5 formulations (1% w/v) of the formulated tablets show an optimum drug release of more than 90%, where H5 was shown at least 75% drug release within 4 h. An appreciable change in hardness, friability and in vitro drug release from the formulated tablets was not observed after stability study. With the comparison between the corresponding concentrations of the two mucilages, Okra mucilage was found more effective than Hibiscus mucilage at low concentration (1% w/v) itself. At the same time, the Hibiscus plant sources could be used as a platform for prolonged release if their binder concentrations are hiked. In context, the present investigation shows both the mucilages displayed good tableting characteristics and have high potentials for substitution for other more expensive binders. Further studies can be done to explore its role in drug delivery systems including its release retardant properties and mucoadhesive nature.
